JPEG 2000 [1] is well known for its excellent coding efficiency as well as numerous useful features such as region of interest (ROI) coding and various types of scalability. Unlike JPEG, JPEG 2000 uses the Discrete Wavelet Transform (DWT) as the transformation algorithm and Embedded Block Coding with Optimized Truncation (EBCOT) as the entropy-coding algorithm. EBCOT produces finely embedded bit streams that enable post-compression Rate-Distortion (R-D) optimization.
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There are three critical issues to design a high throughput JPEG 2000 encoder. First, the DWT requires high memory bandwidth and enormous computational power. Second, the EBCOT requires extremely complicated control and sequential processing. Third, R-D optimization requires a large memory for storing the lossless code-stream and R-D information. All of the above require high operating frequency, huge memory size, and high memory bandwidth for chip implementation.
In this paper, efficient techniques that enable JPEG 2000 compression at 81MS/s with R-D optimization are used to design an encoder chip. The processor is 5.5mm 2 using 0.25µm CMOS technology, and contains 163k gates and 7kb of SRAM. The processor consumes 348mW at 2.8V when operating at 81MHz. The detailed chip features are shown in Fig. 18 Memory bandwidth analysis indicates that the minimization of external memory access is the most critical problem. A line-based architecture, as opposed to the block-based approach in [2] , is used to prevent data retransmission from external memory. The line buffers can be classified into two categories: the data buffer and the temporal buffer. The data buffer, which requires 1. The most critical challenge to increase the throughput of a JPEG 2000 design is the EBCOT, which requires a lot of sequential operations and complicated controls. The state-of-the-art of EBCOT design is the two-bit plane parallel architecture proposed in [2] . In this work an EBCOT architecture capable of processing a DWT coefficient in parallel, regardless of bit-width, is achieved by use of three techniques. First, a parallel context modeling approach is taken instead of a traditional bit plane-bybit plane, to increase the processing speed. Second, a reconfigurable FIFO architecture that reduces bubble cycles is obtained by exploiting the features of the EBCOT and the DWT. Third, a folded Arithmetic Encoder (AE) architecture is devised to reduce the area. There are two fatal drawbacks of the recommended post-compression R-D optimization in the reference software. First, the computational power and the processing time are wasted since the source image must be losslessly coded regardless of the target bit rate. Second, a large temporary memory is required to buffer the bit stream and side information for rate control. A pre-compression R-D optimization algorithm is proposed to solve these problems.
The flowchart of the proposed pre-compression R-D optimization algorithm is shown in Fig. 18 .2.5. It is comprised of two stages: accumulation and decision. During accumulation the distortion and bit-count are calculated and accumulated. In the decision stage the truncation points are determined according to the normalized distortion and estimated bit rate. The proposed algorithm allows the truncation point of a code-block to be determined before EBCOT encoding. Hence, only required coding passes are processed reducing the computational power as the compression ratio increases (e.g., compression ratio of 8 requires 8 times less EBCOT computation). In addition, the memory for lossless code-stream and R-D information is eliminated. Figure  18 .2.6 shows that the performance of the proposed pre-compression algorithm degrades by only 0.3dB on average compared with the post-compression algorithm.
A Performance Index (PI), defined as throughput per unit area at 1MHz is used to make a fair comparison to existing work. The PI of this work is 0.182 ( 81 / 5.5x81 ). The area of the JPEG 2000 core in [2] is estimated as 25mm 2 and the PI will be 0.030 ( 20.7 / 25x27.4 ). Hence, the developed chip is 6 times better than [2] using this metric. The improvement is mainly due to the proposed parallel EBCOT architecture. Furthermore, the developed chip provides an R-D optimized code-stream, an important feature of JPEG 2000. 
